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选到的高效甲醛降解菌 Pseudomonas putida. IOFA1 为对象，选取该菌株降解甲
醛过程中的 3 个时间点，即 A 组（未加入甲醛），B 组（加入甲醛 20min）和 C
组（甲醛降解后 2 h）进行转录组测序，通过转录组变化的比较来探索该菌的甲
醛代谢机制。通过生物信息学分析以及对变化基因的分类，我们发现在甲醛的刺





通过对 Pseudomonas putida IOFA1 降解甲醛过程中 3 组样本的转录组分析








温度为 40℃， 适作用 pH 为 7.5，在低于 30℃时酶活十分稳定。低浓度 0.5mM
















 摘要  
2 
Abstract 
Pseudomonas putida is often used as a model bacterium to study the degradation 
of sewage and waste because of its complex metabolic system for the degrading of 
organic waste. The functions of Pseudomonas putida for degradation of many toxic 
compounds have been widely studied, but few of them focus on the metabolic 
mechanism during these degradation process. The strain Pseudomonas putida IOFA1 
showing high formaldehyde-degradation ability was isolated and identified from deep 
sea sediment in our previous study. In this study, the formaldehyde-degradation 
mechanism in Pseudomonas putida IOFA1 was analyzed by comparing the changes in 
transcriptome of the formaldehyde-degradation process with different time quantum.   
We selected three samples in different time quantum during formaldehyde 
degradation (group A: not added formaldehyde; Group B: 20 minutes incubation after 
added formaldehyde; group C: 2 hours incubation after added formaldehyde). The 
metabolic network of IOFA1 strain changed obviously under the stimulation of 
formaldehyde by bioinformatic analysis and the classification of different expression 
gene. Furthermore, the transcriptional changes was discussed at overall level by GO 
(Gene Ontology) and KEGG classification analysis. The changed genes related to 
signal, biology, location and other metabolic pathways were studied by genes 
classification. In this thesis, several key enzymes relataed to the methyl metabolisms 
that was found in transcriptome were studied to support the illumination of the 
formaldehyde-degradation mechanism in Pseudomonas putida IOFA1.  
The main enzymes involved in the formaldehyde-degradation in Pseudomonas 
putida IOFA1 were deterimined by combining the transcriptome analysis and RT-PCR 
analysis, including formaldehyde dismutase, depend-glutathione formaldehyde 
dehydrogenase, alcohol dehydrogenase, formate dehydrogenase and formate 
transporter. Among these enzymes, formaldehyde dismutase （FDM）  play an 
important role in the early stages of formaldehyde-degradation, and it can degrade 
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glutathione-depend formaldehyde dehydrogenase are necessary to fully degradation of 
formaldehyde. Other enzymes are related to the degradation of formic acid. 
The crude enzymes in cell lysate were purified by DEAD-sepharose ion 
exchange chromatography. One single band was obtained and identified as FDM by 
mass spectrum analysis. The enzyme had optimal temperature and pH at 40℃ and 
7.5, respectively, and was stable at temperature under 30℃. Low concentration of 
Mg2+ and Ca2 + activated the enzymatic activity. All of these studies lay a foundation 































































1.1.2.2. 化学光催化氧化法[5, 18-30] 
TiO2是具有光敏导电性的 N 型半导体。TiO2 受到波长<387．5nm 的紫外光
照射时，价带上的电子跃迁到导带上，形成空穴和光激电子，与空气中的水蒸气
和氧气作用形成自由基·O 和·OH，这种自由基具有高活性地氧化和表面吸附










解甲醛能力的微生物胃分枝杆菌（Mycobacterium gastri）, 红球菌（Rhodococcus 
sp）, 假单胞菌（Pseudomonas sp）, 醋酸菌（Acetobacter sp）, 拟青霉（Paecilomyces 


































适合条件下 30℃，pH7，30 h 就可以将总 DOC150ppm 的人工污水降解。在
35℃下，需要 70 h 才能降解完。但是一般城市的污水处理时间都没办法打到 30 h，
仍有一些物质没有降解彻底。为了加快恶臭假单胞菌对污水的处理能力。 
Al-Zuhair 利用聚乙烯醇（PVA）固定恶臭假单胞菌，通过两种固定技术和
两种生物反应器来证明能够有效进行生物降解苯酚[44]。此外，在 Xiaoshuang  Ma
等人的研究中，他们把恶臭假单胞菌固定在活性炭纤维上面。固定化的恶臭假单
胞菌的工作环境为 30℃，pH7.0。由于活性炭的吸附作用，在短时间内，污水中
























在大于 200mg/L 苯酚时候，包埋颗粒表现出很好的耐受和降解能力。 
强化生物除磷（EBPR）技术被广泛用于污水除磷中，但是微生物和分子机
制知道很少。因此，在大规模城市污水处理厂的生物除磷过程难以预测和控制。
CAI Tian-Ming 等人分离出一株拥有高磷降解能力的恶臭假单胞菌 GM6。他们利
用基因标记 GM6，来观察 GM6 被送进一个低效率分批式反应器 SBR 中的繁殖
以及磷的去除率。在 21 天后，GM6 在总菌中的比例达到 9.2%，磷的去除率达
到 96%，相当于浓度 0.2mg/L。在加入了 GMTR 得反应器中，磷在无氧条件下 1 
h 内被迅速清除，在有氧条件下 2 h。这些是 GM6 的除磷特点。在医院污水处理
设备进行实际测试。在加入 GM21 天后，磷浓度在 0.3mg/L，相当于去除效率
96.8%。因此，GM6 能快速和增强废水中生物除磷的能力，从而实现快速高效净
化富磷污水[47]。 
梁 慧等人利用石英砂、活性炭和火山岩滤料 3 种载体固定恶臭假单胞菌，
对污水中的铜离子吸附进行研究，发现均有良好效果，其中孔径为 2~4mm 的火
山岩滤料固定化重组菌去除铜离子的效果 好[48]。在除去金属另一方面，Valls































间和 100％[52]。Lei Cai，Mei-Qing Yuan 等人敲除了 PHA 解聚酶，是 PHA 产量
达到细胞干重 86%，颗粒更大[53]。袁 静等人刷选出了一株恶臭假单胞菌 GNA5
来转化 D-氨基葡萄糖 (D-glucosamine,  D-GlcN)来生产 D-氨基葡萄糖酸








臭假单胞菌来转化 DL-2-氨基-Δ2-噻唑啉-4-羧酸（DL-ATC）为 L-半胱氨酸[56]。  
1.4. 甲醛歧化酶的研究进展 



































息，这个概念是1955年，由 Marc Wilkins 提出的。转录组概念于1997年由
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